Background: Fascia iliaca compartment block is used for hip fractures in order to reduce pain, the need for systemic analgesia, and prevent delirium, on this basis. This systematic review was conducted to investigate the analgesic and adverse effects of fascia iliaca block on hip fracture in adults when applied before operation. Methods: Nine databases were searched from inception until July 2016 yielding 11 randomised and quasi-randomised controlled trials, all using loss of resistance fascia iliaca compartment block, with a total population of 1062 patients. Meta-analyses were conducted comparing the analgesic effect of fascia iliaca compartment block on nonsteroidal antiinflammatory drugs (NSAIDs), opioids and other nerve blocks, preoperative analgesia consumption, and time to perform spinal anaesthesia compared with opioids and time for block placement. Results: The analgesic effect of fascia iliaca compartment block was superior to that of opioids during movement, resulted in lower preoperative analgesia consumption and a longer time for first request, and reduced time to perform spinal anaesthesia. Block success rate was high and there were very few adverse effects. There is insufficient evidence to conclude anything on preoperative analgesic consumption or first request thereof compared with NSAIDs and other nerve blocks, postoperative analgesic consumption for preoperatively applied fascia iliaca compartment block compared with NSAIDs, opioids and other nerve blocks, incidence and severity of delirium, and length of stay or mortality. Conclusions: Fascia iliaca compartment block is an effective and relatively safe supplement in the preoperative pain management of hip fracture patients.
hip fractures therefore remains poorly defined. The aim of this review is to determine what the analgesic and adverse effects of FIC are for hip fractures, when applied before operation, by performing a systematic review and a meta-analysis comparing FIC with other types of analgesia.
Methods

Protocol and registration
A protocol for this review has been registered with PROSPERO International prospective register of systematic reviews under the registration number: CRD42016041545.
Eligibility criteria
Eligible studies included comparative studies, either randomised or quasi-randomised controlled trials, enrolling adult patients (!18 yr) with hip fracture. Only studies comparing FIC with non-intervention, placebo, paracetamol, nonsteroidal anti-inflammatory drugs (NSAIDs), opioids, or other nerve blockades directly were eligible. For the purposes of this review, all forms of FIC were included (single dose or continuous catheter infusion, different types and dosage of local anaesthetics). Outcomes of interest included analgesic effects [visual analogue scale (VAS), numeric rating scale (NRS), additional analgesic usage, and first request for additional analgesia], incidence and severity of delirium, adverse effects, damage to structures surrounding the block site, allergic reactions, length of hospitalisation, and mortality. Only studies published in peer-review journals were eligible and ongoing trials or unpublished data were excluded.
Information sources and search
Both electronic and hand-searching techniques were used to identify studies. Nine databases: PubMed, Cochrane Library, EMBASE, CINAHL, Scopus, Web of Science, EBSCO, ProQuest, and Global Index Medicus, were all queried from database inception until July 1, 2016 without any language restriction or limits to publication type. Free text keyword searches were conducted using the following search words and Boolean operators: '(hip fracture OR hip surgery OR femur fracture) AND (Fascia iliaca block OR Fascia iliaca nerve block OR Fascia iliaca compartment block OR Fascia iliaca compartment nerve block OR Fascia iliac block OR Fascia iliac nerve block OR Fascia iliac compartment block OR Fascia iliac compartment nerve block OR Fascia-iliaca block OR Fascia-iliaca nerve block OR Fascia-iliaca compartment block OR Fascia-iliaca compartment nerve block OR Fascia-iliac block OR Fascia-iliac nerve block OR Fascia-iliac compartment block OR Fascia-iliac compartment nerve block OR FICB OR FIC OR FIB) ' .
PubMed, Cochrane Library, EMBASE, CINAHL, and Global Index Medicus were also searched with the Medical Subject Headings (MeSH) terms and Boolean operators; 'Hip fractures AND (Nerve Block OR Fascia)', as a specific MeSH term for FIC does not exist. Web of Science, Scopus, EBSCO, and ProQuest does not allow for a MeSH terms search. The reference lists of all articles examined by full text and similar reviews were hand searched.
Study selection
Decisions for inclusion were based on review of each abstract performed by one reviewer (J.S.). Eligibility of potential studies underwent full text review by the same author. Studies were excluded if they did not meet the inclusion criteria.
Data collection process
Two reviewers extracted all relevant data from the full text versions of eligible studies using a predefined data extraction form. One reviewer (J.S.) extracted the data and a second reviewer (A.M.) independently checked the completeness by reviewing the full text articles. Disagreement between the two researchers was resolved by discussion, and if necessary by arbitration of the senior researcher (A.M.). Study characteristics included author, publication year, study design, sample size, inclusion and exclusion criteria, type of intervention and control, performer of block, outcome data, and authors' main conclusions.
Statistical analysis
To facilitate meta-analysis, studies which reported skewed data, and hence medians and inter-quartile range and 10th and 90th percentiles, were transformed by setting median equal to mean and estimating standard deviation by dividing inter-quartile range and 10th and 90th percentile range with 1.35 and 1.28, respectively, if full datasets could not be obtained. The 11 point NRS was converted to a 100-mm VAS scale by multiplying by 10, as these tend to correlate. 22 Forest plots were used to show point estimates and 95% confidence intervals (CIs) of individual included studies and results. Data analyses abided by the guidelines set out by the Cochrane Collaboration regarding statistical methods. In all instances, two-tailed P-values <0.05 were considered significant. Relative risks and the standardised mean difference (SMD) for continuous outcomes were also calculated. Considering the expected heterogeneity across studies, it was decided to use an inverse variance random-effects model to evaluate outcomes. Subgroup analyses were performed as a means of investigating heterogeneous control interventions and data collection points. Intervention types were pooled into the following subgroups; NSAIDs, opioids, and other nerve blockades, in order to gain sufficient data to perform a meta-analysis. The decision to perform subgroup analysis was taken in the data collection phase of this review, as was the decision on how to pool data at different time intervals. Subgroup analysis based on the risk of bias was not conducted, because of a limited number of included studies. Subgroup analyses based on the type of fracture and surgery, type of drug and dosage of intervention, and dosage of control were not performed because of the limited available data. As a result of the expected problem of assessing the variation in rescue analgesia, no method of analysis was selected before the publication of the protocol. Heterogeneity was assessed using the I 2 statistic, where values >50% are consistent with large heterogeneity, 23 and using heterogeneity P-value, where values <10% are consistent with large heterogeneity. 23 No funnel plots were
Editor's key points
The use of fascia iliaca block in the preoperative management of the pain of hip fracture was systematically reviewed. Meta-analysis showed improved analgesia and faster placement of spinal anaesthesia when fascia iliaca block was used. Postoperative delirium also appeared to be decreased. 
Risk of bias in individual studies
Two reviewers assessed risk of bias in individual studies based on criteria adapted from the Cochrane 'Risk of Bias' assessment tool. 24 A study was rated overall as high risk for bias if there were important imbalances at baseline, if there was improper randomisation, failure of blinding of outcome assessors, or if there was significant (>15%) loss to follow-up.
Results
Study selection
The database search yielded 538 studies. A total of 278 abstracts were screened after removal of duplicates. After screening, 41 full text articles were assessed for eligibility. The majority were excluded either because they were found not to be relevant for this review, 15 studies, 19,25e39 or because of an inappropriate study design (15 studies). 1e15 The reference lists of all articles examined by full text and similar reviews were hand searched, but yielded no additional articles. In total, 11 studies met inclusion criteria. 40e50 Included studies date from 2007 to 2016. FIC was provided to 538 patients, whereas 524 patients received a different form of analgesia for hip fractures. We attempted to obtain fuller data from McRae and colleagues 47 by mail and email but were unsuccessful. 46 had important imbalances at baseline including a statistically significant lower VAS score at rest in the control group (P¼0.04).
Study characteristics
Results of individual studies
Primary outcomes
The two studies 41, 42 comparing the analgesic effect of FIC to standard care showed mixed results, where most measurements showed a statistically significant greater analgesic effect for FIC while some were non-significant. The one study 42 which also measured VAS during movement showed a statistically significant greater analgesic effect for FIC for all measurements during movement, see Table 3 for CIs and Pvalues. (7) 66 (6) 1.00
Before positioning 20 (6) 21 (7) 0.630
During positioning 21 (9) 40 (1)
<0.001
Newman and colleagues (17) 81 (15) 0. 749 2 h 54 (24) 44 (26) 0.047
Reavley and colleagues (26) 64 (26) 0.80
min
44 (26) 45 (24) 0. 85 1 h 38 (25) 35 (25) 0. 44 One study 48 40 and an incidence of 0% vs 6.45%. 44 One study 40 also measured severity and duration of delirium and likewise found FIC to have a protective effect; severity of delirium according to the highest value of the DRSR-98 was 14.3 vs 18.6, mean difference 4.27 (95% CI; 1.80, 5.64) (P<0.01) with a mean duration of 5.22 days vs 11.0 days (95% CI; 3.87, 7.62) (P<0.01).
One study comparing FIC to other blocks 50 measured length of stay and found a significant longer stay for the FIC group with 0.26 days (95% CI; 0.07, 0.45) (P<0.01). The authors did not attribute this to FIC itself, but could not offer any explanation to this. No studies included in this review examined mortality rate.
Five studies reported on partial or complete block success rate, however several measures have been used to define it; from an absence in cold perception in some or all of the areas innervated by the affected nerves to a reduction in different pain scores or confirmation of placement using ultrasound. The self-reported successful block placement for articles included in this review ranged from 40% to 84%. 41,42,46e48 One study 48 reported partial successful block placement; if partial blocks are considered successful, then the range is 65e100%. Two studies 46,47 measured time to perform block; 4 min (95% CI; 3.30e4.69) 46 and 11 min (95% CI; 7.52e14.5). 47 
Synthesis of results
Primary outcome
In order to achieve sufficient data points to perform a metaanalysis, only the following measurements in time and activity were included: FIC vs NSAIDs at rest 10e15 min after intervention, FIC vs NSAIDs at rest 8e12 h after intervention, FIC vs opioids at rest within the first 30 min of intervention, FIC vs opioids at movement within 2 h of intervention, and FIC vs other forms of nerve blockades 1e2 h after intervention. As only a single study out of two comparing FIC to standard care included standard deviations or CIs, it was not possible to include standard care in the meta-analysis. Compared with opioids during movement, FIC had a greater analgesic effect with an SMD of À1.58 (95% CI; À2.90, À0.25) (P¼0.02) (heterogeneity: tau 2 ¼1.67, P<0.01, Because of variable methods of reporting final outcome results, missing statistics and clinical heterogeneity between studies, it was only possible to conduct a meta-analysis on the preoperative use of additional opioid analgesia and time for first analgesic request for FIC compared with controls using opioids. A meta-analysis on the possible additional non-opioid and postoperative analgesic sparing effect of FIC could not be performed.
Compared with opioids, FIC had a lower additional preoperative opioid analgesia usage with an SMD of À1.89 (95% CI; À3.63, À0.14) (P¼0.03) (heterogeneity: tau 2 ¼2.96, P<0.01, I 2 ¼95%), see Table 5 .
Compared with opioids, FIC was found to have a significantly longer time for first request for additional analgesia with an SMD of 0.93 (95% CI; 0.02, 1.84) (P¼0.05) (heterogeneity: tau 2 ¼0.32, P¼0.05, I
2 ¼74%), see Table 6 .
Secondary outcomes
Compared with opioids, FIC was found to have a significantly shorter time to perform spinal anaesthesia with an SMD of À1.06 (95% CI; À1.53, À0.59) (P<0.01) (heterogeneity: tau 2 ¼0.00, P¼0.41, I
2 ¼0%). The time to perform an FIC was calculated to be 6.2 min (95% CI; 4.7, 7.7). Because of variable methods of reporting final outcome results, missing statistics, and clinical heterogeneity between studies, a meta-analysis could not be performed on the effects on delirium, length of stay, and mortality.
Discussion
Summary of evidence
This systematic review and meta-analysis demonstrated that FIC had a superior analgesic effect compared with opioids during movement, but did not demonstrate any statistical difference between NSAIDs, opioids at rest, or other forms of nerve block.
The meta-analysis did not demonstrate any statistically significant difference between the analgesic effect of FIC and NSAIDs after 10e15 min. While both included studies individually demonstrated a superior effect for FIC, the differences in results resulted in a large CI. At 8e12 h, one was in favour of FIC. The study with measurements 12 h after intervention reported statistically significant higher VAS at 12 h compared with 15 min and 2 h, possibly indicating that the effects of the FIC had worn off. When examining both the heterogeneity Pvalue and I 2 , we found substantial heterogeneity, which reduced the reliability of the results.
Compared with opioids at rest, the meta-analysis did not demonstrate any difference. Two of the four studies individually were in favour of FIC and one was not statistically significant. The fourth study had a lower VAS score at baseline for the control group. The authors themselves decided, based on this, to use DVAS as a measurement instead of comparing the FIC and control group directly. When this analysis was carried out, the study was in favour of FIC. This form of analysis is, however, just as problematic because of the exceptional low baseline scores of the control group. During movement, three of the four studies showed a statistically significant difference in favour of FIC, while one demonstrated no difference. The meta-analysis did, however, demonstrate a statistically significant effect in favour of FIC during movement. Both the heterogeneity P-value and I 2 demonstrated large heterogeneity both during rest and movement, which reduces the reliability of the results. In the meta-analysis excluding skewed data there was a homogeneity during movement, but only when examining the heterogeneity P-value, but not for I 2 . While no statistically significant difference could be demonstrated between FIC and other forms of nerve blockades in the meta-analysis, only two studies were included and combined, and these had an SMD of 0.23 (95% CI; À0.03, 0.50) (P¼0.087) indicating that FIC might be less effective than other forms of nerve blockades. It is worth mentioning that femoral nerve and 3-in-1 blocks were grouped together because of the limited number of studies and that the studies individually demonstrated a lower effect for FIC compared with a femoral nerve block and almost no difference between FIC and 3-in-1 block. The test for heterogeneity showed low heterogeneity across the studies.
Of the 15 cohorts and retrospective studies studied in full text, which was relevant for this review, but not included because of study design, all showed an effect of FIC on hip fractures, 1e15 also during movement and positioning. 4 ,6e8 There seems to be an effect of at least 8 h for bolus FIC, when longlasting local anaesthesia such as bupivacaine is used. 3,10e12 There is, however, a high risk for publication bias and confounding factors such as additional analgesia for these studies.
The meta-analysis demonstrated that FIC had lower preoperative additional opioid analgesia usage and a significantly longer time for first request for additional analgesia, compared with opioids. When examining I 2 , we found substantial heterogeneity, but not for the heterogeneity P-value. While it was not possible to perform a meta-analysis on preoperative analgesic consumption for FIC compared with placebo, standard care, or NSAID, all included studies report significant lower consumption, but additional data are necessary. Compared with other forms of nerve blockade, there were mixed results. Postoperative analgesia consumption likewise showed mixed results. The meta-analysis demonstrated that FIC resulted in a significantly shorter time to perform spinal anaesthesia compared with opioids, which could be because of superior analgesic effect during movement.
Of the articles included in this review, none found any adverse effects attributed to FIC besides hematomas at the injection site with an incidence rate of 1.7%. In order to investigate adverse effects further, the 15 cohorts and retrospective studies examined by full text and deemed relevant for this review were searched for adverse effects. Of these, only eight 3, 4, 6, 7, 10, 12, 14, 15 reported adverse effects. These eight studies included 2179 patients; four instances of anaesthetic toxicity (risk of 0.18%) 3, 4 and two hematomas at injection site (risk of 0.09%) 10 were reported. There is, however, most likely an under-reporting of, at least, minor adverse effects. The two hematomas at the injection site were both reported in the same study where 63 FIC were performed, resulting in an incidence of 3.2% which is close to the rate of 1.7% reported in the studies included in this review. It was not possible to perform a meta-analysis on incidence and severity of delirium, length of stay, or mortality, because of the limited available data. The two included studies measuring incidence of delirium compared placebo and NSAID; both found a protective effect of FIC, and the one study comparing FIC with placebo also reported a significant reduction in severity and duration, but more data are needed. One study comparing FIC with other blockades measured length of stay and found a significant longer stay for the FIC; the authors, however, did not attribute this to FIC itself, but could not offer any explanation. No studies included in this review examined mortality rate.
The average time for block placement was calculated to be 6.2 min. The reported block success rate for studies included in this review is in the range of 65e100% (including partial successfully blocks), 41,42,46e48 which correlates well with other studies. 7, 9, 11, 15, 20, 26, 51 FIC can generally be performed with minimal training 2,4,11 and by non-medical practitioners.
5e7, 17, 47 FIC is generally safe to use and patient satisfaction is generally high. 7,45e48 There is, however, a small chance of local anaesthetic intoxication and hematoma at the injection site. 2e4,6,7,9e12,14,15,40,43 There are also, in the literature described, case reports of pneumoretroperitoneum using continuous infusion, 52 bladder puncture with a modified block under very special conditions, 53 and postoperative neuropathy. 54 
Limitations
The protocol was changed during the literature search phase to include quasi-randomised, controlled trials in order to perform this review on sufficient data. Screening for eligibility was performed by a single reviewer instead of two or more. Only 11 articles met the inclusion criteria set forward in this review, and only six of those included 100 patients or more, none more than 207 in total, and most studies had a high risk of bias resulting in a limited basis for a systematic review. In addition, there may be a risk of reporting bias, mainly in the form of publication bias, because of the limited number of trials with a large study population and low proportion of null results. In the meta-analyses comparing the analgesic effect, there was a large heterogeneity in all but one subgroup in the meta-analysis including skewed data, when examining the heterogeneity P-value. This could, however, be attributable to the low number of studies included. When calculating I 2 , all subgroups except one had large heterogeneity, which reduces the confidence of this review's recommendations of FIC.
Conclusion
This review revealed a superior analgesic effect of FIC compared with opioids during movement and an equivalent effect compared with NSAIDs, opioids, and other nerve blocks in hip fracture patients before operation. FIC had lower preoperative analgesia consumption and a longer time for first request compared with opioids. FIC reduced time to perform spinal anaesthesia. Block success rate was found to be high and there were very few adverse effects. There is insufficient evidence to conclude anything on preoperative analgesic consumption or first request compared with NSAIDs and other nerve blocks, postoperative analgesic consumption for preoperative applied FIC compared with NSAIDs, opioids and other nerve blocks, incidence and severity of delirium, length of stay, or mortality.
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